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Note by the Chair of the Task Force on Heavy M etals

Summary

At its forty-ninth session in September 2011, ¥derking Group on Strategies and
Review agreed that the Protocol on Heavy Metalsiishbe made more adaptable to future
developments through the production of a guidammichent on best available technigues
extracted from annex Ill to the Protocol (ECE/EBRANG.5/2011/19).

This note includes the draft guidance documerprapared by the Task Force on
Heavy Metals, with due account of comments by Pariind other experts, as requested by
the Working Group. Justifying remarks are providedhe Report of the Task Force on
Heavy Metals on the Workshop to promote the ratifan of the Protocol on Heavy Metals
(ECE/EB.AIR/WG.5/2012/2).

Text in square brackets had not yet been discubgethe Working Group on
Strategies and Review.

* _This note is being issued without formal editing.
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List of abbreviations and acronyms

ACI Activated carbon injection

As Arsenic

BAT Best available techniques

BFE Blast furnace

BOF Basic oxygen furnace

BREF Best available technique reference document

CaBp, Calcium bromide

Cd Cadmium

Cl, Chlorine

Co Cobalt

Cr Chromium

Cu Copper

CuwHaly Copper(l) tetraiodomercurate (I1)

cts/kWh Cents per kilowatt hour

CFA Circulating fluidized-bed absorber

EAF Electric arc furnace

ECE United Nations Economic Commission for Europe

ELV Emission limit values

EMEP European Monitoring and Evaluation Progranum@er the Convention on Long-Range
Transboundary Air Pollution (LRTAP)

ESP Electrostatic precipitator

FF Fabric filter

FGD Flue gas desulphurization

HEPA High efficiency particulate air filter

H,O Water

H,SeQ Selenious acid

Hg Mercury

HaCl, Mercuric chloride

Hag.Cl, Mercury (1) chloride

Ha+ Mercury ion

HgO Mercury oxid

HaSQO, Mercury (Il) sulfate

H,SO, Sulphuric acid

IGCC Integrated gasification combined-cycle

K Kelvin

kPa Kilo pascal

kWel Kilowatt electric

! For latest reference documents giving informatiorall relevant sectors, techniques and processst u

current emission and consumption levels, BAT andrging techniques: http://eippcb.jrc.es/reference/.
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mg/l Milligramme per litre

ma/n? Milligramme per cubic metre

ma/Nn? Milligramme per normal cubic metre

mg/t Milligramme per ton

Mg Megagramme, metric ton

pa/Nn? Microgramme per normal cubic metre

Ni Nickel

NO, Nitrogen oxide

O Oxygen

Pb Lead

PARCOM Commission for the Prevention of Marine Bidtin from Land-based Sources
PCDD/F Polychlorinated dibenzo-p-dioxin and polgeimated dibenzofuran
PM Particulate matter

ppm Parts per million

Sb Antimony

SCR Selective Catalytic Reduction

Se Selenium

Sn Tin

SO, Sulphur dioxide

TOC Total organic carbon

UNEP United Nations Environment Programme
\i Vanadium
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. Introduction

1. This guidance documeatms to provide Parties with guidance on idemidybest
available techniques for stationary sources to lentiiem to meet the obligations of the
Protocol.

2. —— The expressionBest available techniqueBAT—meand identifies the
most effective and advanced stage in the developwfeactivities and their methods of
operation which indicate the practical suitabilitfyparticular techniques for providirig
principle-the basis for emission limit valugand other permit conditiongjesigned to
prevent and, where that is not practicallenerathyto reduce emissions aritheithe
impact on the environment as a whole:

—TFeechniguega) “Techniques'includes both the technology used and the way in
which the installation is designed, built, maintdn operated and decommissioned;
lﬂ !E'IIE ; El

“Available” techniques means those developed on a scale vatioWws
implementation in the relevant industrial sectarder economically and technically viable
conditions, taking into consideration the costs aulantages, whether or not the
techniques are used or produced insideghetory-of-the-PariMember Statéen question,
as long as they  are reasonably  accessible to the eratop;

‘Best'

(c)  “Best”means most effective in achieving a high genenall of protection of
the environment as a whol€riteria for determining BAT are as follows:

~({i) The use of low-waste technology;

(i) The use of less hazardous substances;

(i) The furthering of recovery and recycling of subsemgenerated and used in
the process and of waste
-, where appropriate;

(iv) Comparable processes, facilities or methods of ajmer which have been
tried with success on an industrial scale;

(v)  Technological advances and changes in scientifioowkedge and
understanding;

(vi) The nature, effects and volume of the emissions cawred;

(vii)  The commissioning dates for new or existing inatahs;

(viii) The length of time needed to introduce the best available tegtmi
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(ix)  The consumption and nature of raw materials (inalgdvater) used in the
process and Hs——energy efficiency;

(X)  The need to prevent or reduce to a minimum the allvémpact of the
emissions on the environment and the risks to it;

(xi) The need to prevent accidents and to mininifmsr consequences for the
environment;

(xii) _Information published by national and intetioaal organizations.

The concept obest-available-technigtRAT is not aimed at the prescription of any

specific technique or technology, but at takingiatcount the technical characteristics of
the installation concerned, its geographical lasatind the local environmental conditions.

3-  The information regarding emission control perfante and costs is based on
official documentation of the Executive Body and gubsidiary bodies, in particular
documents received and reviewed by the Task Fanddeavy MetalEmissions—and-the

Ad—Hoc—Preparatory—\Werking—Group—en—Heawy—MetalBurthermore, other
international informatioren-best-available-techniguesfor-emission-contasiHheen

taken—into—consideration—{esoch as BAT reference documents frahe European
Communitydntegrated Pollution Prevention and Control BuréBIPPCB), the UNEP

2002 Global Mercury Assessment, and varideshnical retes—en—BATrgports from
United States Environmental Protection Agency (UEBA), Environment Canada, atite

PARCOM-recommendationsfor-BAHuropean Commissioand information provided
directly by experts_has been taken into consideration.

4- Experience with new products and new plants ino@jing low-emission
techniques, as well as with the retrofitting ofstixig plants, is growing continuously; this
ahnexguidance documemay, therefore, need amending and updating.

5- TheahRnexguidance documetists a number of measures spanning a range tf cos
and efficiencies. The choice of measures for aajiqular case will depend on, and may
be limited by, a number of factors, such as econoniicumstances, technological
infrastructure, any existing emission control deyisafety, energy consumption and
whether the source is a new or existing one.

6-  This aRnrexuidance documertakes into account the emissions of cadmi(@d),
lead (Pb) and mercuryHg) and their compounds, in solid (particle-bound)/andaseous
form. Speciation of these compounds is, in gene@l considered here. Nevertheless, the
efficiency of emission control devices with regaodthe physical properties of the heavy
metal, especially in the case of mercury, has belen into account.

7- Emission values expressed as nigrefer to standard conditions (volume at 273.15
K, 101.3 kPa, dry gas) not corrected for oxygenteonunless otherwise specified, and are
calculated in accordance with draft CEN (ComitéuropéeBuropéen de
normahsatioNormalisation and, in some cases, national sampling and mdmgtor
techniques.

H—GENERAL-OPTHONSFOR REDUGING EMISSIONS OF HEAVY-METALS
ANBTHEHR-COMPOUNDBS
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General optionsfor reducing emissions of heavy metals and

their compounds

8- There are several possibilities for controlling @reventing heavy metal
emissions. Emission reduction measures focus on add-on tdéohies and process
modifications (including maintenance and operatooptrol)- The following measures,
which may be implemented depending on the widdrrieal and/or economic conditions,
are available:

(a)___Application of low-emission process technologies, particular in new
installations;

(b) __ Off-gas cleaning (secondary reduction measuresh Wilters, scrubbers,
absorbers, etc.;

(c)___Change or preparation of raw materials, fuels anoltter feed materials (e.g.
use of raw materials with low heavy metal content);

(d)__Best management practices such as good housekeepimyentive
maintenance programmes, or primary measures sutie &nclosure of dust-creating units;

(e)___ Appropriate environmental management techniqueshio use and disposal
of certain products containing Cd, Pb, and/or Hg.

9- It is necessary to monitor abatement proceduremnsure that appropriate control
measures and practices are properly implemented amhieve an effective emission
reduction: Monitoring abatement procedures will include:

(a)___Developing an inventory of those reduction measigestified above that
have already been implemented;

(b)-___Comparing actual reductions in Cd, Pb and Hg emisswith the objectives
of the Protocol;

(c)-___Characterizing quantified emissions of Cd, Pb awgdftém relevant sources
with appropriate techniques;

(d)-__Regulatory authorities periodically auditing aba¢em measures to ensure
their continued efficient operation.

10- Emission reduction measures should be cost-efficieCost-efficient strategy
considerations should be based on total costsgarper unit abated (including capital and
operating costs).Emission reduction costs should also be considesi#gd respect to the
overall process.

[1].—coONTROLTECHNIQUES Control techniques

11- The major categories of available control techegfor Cd, Pb and Hg emission
abatement are primary measures such as raw madeniabr fuel substitution and low-
emission process technologies, and secondary nmemasuwsuch as fugitive
emissieemissionscontrol and off-gas cleaningSector-specific techniques are specified
in chapter IV.

12- The data on efficiency are derived from operaBrpgerience and are considered to
reflect the capabilities of current installation¥he overall efficiency of flue gas and
fugitivediffuse emission reductions depends to a great extent hen dvacuation
performance of the gas and dust collectors (e.gtiu hoods}. Capture/collection
efficiencies of over 99% have been demonstratacarticular cases experience has shown
that control measures are able to reduce overadistons by 90% or more.
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13- Inthe case of particle-bound emissions of CdafdHg, the metals can be captured
by dust-cleaning devicesTypical dust concentrations after gas cleaninghveiélected
techniques are given in table Most of these measures have generally been apgplieds
sectors. The minimum expected performance of selected fgaks for capturing gaseous
mercury is outlined in table 2The degree of mercury control shown in this tableargely
dependent on the chemical state and form of thecumer(e.qg., oxidized, elemental or
particle bound)The application of these measures depends orptufis processes and is
most relevant if concentrations of mercury in thee fgas are high.

Table
Performance of dust-cleaning devices expressed as hourly average dust concentrations
-Dust-cleaning devices Dust concentrations after cleanf (mg/ni)-
Fabric filters <10

<1-5
Fabric filters, membrane type <501

<505 -15
Dry electrostatic precipitators <50-1-5

<20

Wet electrostatic precipitators 01-1

High-efficiency scrubbers
Ceramic filters

Note:Medium- and low-pressure scrubbers and cyclonesrgéy show lower dust removal
efficiencies.

Table 2
Minimum expected per formance of mercury separators expressed as hourly average
mer cury concentrations

Mercury content after
-Mercury separator cleaning (mg/rf)

Selenium filter

Selenium scrubber

Carbon filter

<0.
Sulphur impregnated carbon filter < 8 (2)}
Carbon injection + dust separator '
<0.01
Odda Norzink chloride process <001
<0.05
Lead sulphide process <0.r
<0.05
Bolkem (Thiosulphate) process <0.-
Injection of brominated activated Carbon+ dust s&joa 0.001

2Report of the Task Force on Heavy Metals on Assestsrof BAT and limit values, June 2006
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14- Care should be taken to ensure that these cortcbhiques do not create other

envwonmental problems#he—eh&ee—ef—a—speemc—preeess—beeause—eﬂem

ef—the—heavy—metals'—d%eh&rgeg due to more water poIIutlon from I|qu|d

effluents: The fate of captured dusts well as of mercury-charged activated carbon
resulting from improved gas cleaning must alsodleit into considerationA negative
environmental impact from the handling of such waswill reduce the gain from lower
process dust and fume emissions into the @tindies by the U.S. EPA show that the
mercury is well-captured on the activated carbah @dwes not leach, e.g. from landfills.

15- Emission reduction measures can focus on proeebsigues as well as -ooff-gas
cleaning: The two are not independent of each other; thécehaf a specific process might
exclude some gas-cleaning methods.

16- The choice of a control technique will depend aohsparameters as the pollutant
concentration and/or speciation in the raw gas,gdee volume flow, the gas temperature,
and others. Therefore, the fields of application may overlap; that case, the most
appropriate technique must be selected accordingge specific conditions.

17- Adequate measures to reduce stack gas emissiorarious sectors are described
below- Fugitive emissions have to be taken into accelinist emission control associated
with the discharging, handling, and stockpilingrafv materials or by-products, although
not relevant to long-range transport, may be imgwirtfor the local environmentThe
emissions can be reduced by moving these activiiesompletely enclosed buildings,
which may be equipped with ventilation and dedustiacilities, spray systems or other
suitable controls. When stockpiling in unroofed areas, the materiafaxze should be
otherwise protected against wind entrainme®tockpiling areas and roads should be kept
clean.

18- The investment/cost figures listed in the tableasehbeen collected from various

sources and are highly case-specificaey-are-expressed-in-1990 US$(US$ 1 (1990)

=ECU-0.8{1990)).They depend on such factors as plant capacitypvahrefficiency
and raw gas concentration, type of technology, #ed choice of new installations as

opposed to retrofitting.

Sectors

19.  This chapter contains a table per relevantoserith the main emission sources,
control measures based on the best available tpadmi their specific reduction efficiency
and the related costs, where available. Unlessdsttherwise, the reduction efficiencies in
the tables refer to direct stack gas emissions.

Combustion of fossil fuelsin utility and industrial boiler s{annext-
category-1)

20. The combustion of coal in utility and induatriboilers is a major source of
anthropogenic mercury emission¥he heavy metal content is normally several oraérs

magnitude higher in coal than in oil or natural.gagel switching is sometimes an option if
fuels with a lower mercury content are availablg.(@atural gas or specific types of coal
with lower mercury content).

21.  Improved energy conversion efficiency and gneonservation measures will result
in a decline in the emissions of heavy metals bsesawf reduced fuel
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requirements. Combusting natural gas or alternative fuels véthewlower heavy metal
content instead of coal would also result in ai§icant reduction in heavy metal emissions
such as mercury and can be regarded as one form of BAftegrated gasification

combined-cycle (IGCC) power plant technology isew—planhigh efficiencytechnology
with-a—-tow-emission—potentithiat can have reduced emissions compared to laaje s

power production based on solid fuels that do setiGCC

22.  With the exception of mercury, heavy metaks mpstly emitted in solid form in
association with fly-ash particlesDifferent—coal-combustion—technologies—show
el#eFen{—magm%ueIeS'herefore BAT to reduce the emlssmufsﬂy—ash—genemﬂen

smalparticle—sizefraction-nietals is generallyhe fi-ash-hasbeenfound-te-be

higherapplication of high performance dedusting deviegshsas electrostatic precipitators
(ESP) or fabric filters (FF).

23.  Beneficiation, e.g. "washing" or "bio-treatrtierof coal reduces the heavy metal
content associated with the inorganic matter inctbed- but is connected with emissions of
heavy metals to wateHowever, the degree of heavy metal removal with tbchnology
varies widely.Furthermore, the addition of halogens (especialfymides) to the fuel can
promote the oxidation to less volatile mercury coommds, which can be removed in the
ESP and flue gas desulphurization (EGD).

24, —A For the combustion of coal and lignite, of ligdigels and of biomass and
peat atotal dust removal of more than 99.5% can be obthiwith electrostatic
precipitatorsESP _(dust reduction rate > 99.5 w)fabricfilters-FP—achieving
dust-coneentrations—of-aboufdust reduction rate > 99.95 %). ESP and FF ath bo
considered as BAT with daily average values fordbecentration of dust in the range of
below 5 up ta?0 mgmg—m—many—easesm) (referred to a flue gas oxygen content of 6%).
When operated with well and continuously maintaieegdipment large coal fired power
plants fitted with ESP or FF can achieve yearlyrage values of < 5 mg/m®ith the
exception of mercury, heavy metal emissions canedeced by at least 90-88% using

an ESP or FRhe lower figure for the more easily volatilizelérments.

25. Mercury is at least partly and up to 90% pmese the vapour phase and its
collection by dust control devices is highly vateh ow filter temperature helps to reduce
the gaseous mercury off-gas contdy¥.injecting chemically-treated activated carbom,. e
brominated, into the flue gas stream prior to ti&PEr FF, mercury and mercury salts can
be abated by more than 90% (Hg concentration </Wmg) and be taken out with the fly
ash.

26.  The application of techniques to reduce emiss@mitrogen oxidesby selective catalytic
reduction (SCR) in comblnatlon with removalsmﬂphur d|0X|dand—pameu4ateﬁrom the flue gas can
also remove heavy metal& =

treatment.

%—Usmg%he For ESP or FF operated |n combmanon W|th wet F@Dhnlques

removalteehm%b%m%ueh%eehmam of 75% for Hg can be obtained, for

certain coals, and/or if an adequate amount ofizixid agent (e.g. halogenajeavaiable
en—an-ndustral-seale—pesent in the flue gas. If a high dust SCR devécadded
upstream of the FGD an average removal rate of 8@fsbe obtained for Hg as long as
adeguate amounts of halogens are present in theyfis (e.g., naturally present chlorine or

added bromine). Thbestavailable-technigque-is-identified-for-the-specpirpose-of
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removing-meredigvels of mercury control are generally achievedebyission control
systems (e.g. SCR, FGD plus particulate controlicggvthat use FF. The capture of
mercury can be enhanced by injecting (chemicaflgted) activated carbon or adding other
oxidizing compounds into the flue gas upstreanhefESP or FF or by distributing the flue
gas throughout a carbon filter bed, except for highume combustion sources

27. The least costly retrofit options for the gohbf Hg emissions from units with ESP
or FF are believed to include:

(a) Modification of dry FGD systems by the use ppmpriate sorbents for the
capture of Hg;

(b) Injection of a sorbent upstream of the ESPRr F

(c) Injection of a sorbent between the ESP and bepet FF retrofitted
downstream of the ESP;

(d) Installation of a semi-dry circulating fluididébed absorber (CFA) upstream
of an existing ESP used in conjunction with sorbejaction.

The wet scrubber efficiency for mercury removal barincreased by:

(e) Improving the liquid-to-gas ratio;

() Wet FGD tower design. Research has shown tiagttower or open spray
tower designs are effective in removing oxidizedauey from boiler flue gas;

(Q) Injection of activated carbon impregnated wadditives (e.g. sulphur,
bromine) increasing adsorption capacity;

(h)  Increasing the ratio of oxidized mercury by:

(i) Addition of SCR device upstream of the wet $drer;

(ii) Pre-treating coal (e.g. calcium bromide (Capr2

28. The most cost-effective approach to controlromey emission from large
combustion plants is an integrated multi-pollut{8t0,, NOx, PM, and Hg) control
technology. By applying a combination of SCR, FGial £#SP or FF, the concentration of
mercury (gaseous and solid) in the flue gases eareduced to levels below 0.003 mg/m
as daily average at 6%,QA gas-phase oxidation process to simultaneoughjuca SQ,
NOx and Hg is under demonstration.

Table 3
Control measures, reduction efficiencies and costsfor fossil-fuel combustion emissions
Abatementindicative
abatementosts
Emission sourc  Control measure(s) Reduction efficiency () (total costs US$)
Cembucter Switshfucleiliocns CdPd:100: He| Highly-case-
Combustie  Switchfrom-ceal  Dust 76.—100° Highly case-specific
p-ofcoalAll  to fuels with lower
fuels heavy metals
emissions
Coal cleaning Cd, Pb: up to 80;
Hog10 — 50
ESP (cold-side) Cd, Pb: >90; Specific investment US$ 5-]%@#3@
5

waste gas per hour
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Abatementindicative
abatementosts
Emission sourc  Control measure(s) Reduction efficiency () (total costs US$)
Hg?® 10-—40° (> 200,000 */m3h) °
PM: >99.5 — 99.4
(Wetfuel) fluegas Cd, Pb: > 90; 15-30/Mg wastaas®
desulpgurization 5
(FGD)** Hg:10-90 Y. 30 - 707 and*
Fabricfilters{FR Cd: >95? Specific investment US$8- 18 m?
Pb: >99:° waste gas per hour
Hg" 10-—60° (> 200,000%°*/m3h) ®
PM >99.95"
ESP or FF,and  Hg" 75 (average 0.03 — 0.15 US$ cts/kWh
FGD
ESP or FF, and Hg: 50 — >95 90 % control: US$ 35,000 — 70,000 per pound
sorbent injection Hg removed (0.0003 — 0.002 US$/k\/h
Injection of Hg: >90 US$ 15,000 per pound Hg removed/ 0.00[.2 US$/
(brominated) kWh (ACI only)/ 6 — 30 Mio. € per installation or
activated carbon 0.0001€ per k Wh); 1 — 2 Mio US$ per
(ACI) installation®;
0.0005 — 0.003 US$/ kWH
ESP or FF,and  Hg: 80 — 9¢' US$ 33,000 — 38,000 per pound Hg remofed
carbon filter bed
ESP or FF, and Hg: 90 (average) No additional costs for Hg reduction basefd on

FGD and SCR Hg: 30 — 70 for sub-bituminougnulti-pollutant approach for SGnd NQ3

multi-pollutant coal and ||gn|t€
approach)

3/ Dependent on the type of coal used
® Dependent upon the form of mercury present (Hgé*)H

Notes and References

1. Hg removal efficiencies increase with the promorif ionic mercury.High-dustselective

catalytiereduetionsCR) installations facilitate Hg(ll) formation.

b/—Removal can be facilitated by having adequate lemlsgresent in the flue gas.
2. This efficiencyis primarily for SQ reduction: Reduction in heavy metamissions is a side

benefit- (Specific investment US$ 60-26kWelk}-. Wet scrubbers installed primarily for mercury
cost between $76,000 and $174,000 per pound ofumeremoved.
3. “Reduction of mercury emissions from coaldimower plants.” Informal document no. 3, forty

eighth session of the Working Group on StrategmesReview, 2011
4. “Assessments of technological developmentst Bgailable Technigues (BAT) and limit values.”

Draft background document for the third meetinghef Task Force Heavy Metals, April 2006
5. Heavy Metals Protocol 1998, Annex llI

6. “Einstellung eines wissenschaftlichen Gutachtzur Unterstuetzung des “Review der Technischen

Anhaenge des UNECE Schwermetallprotokolls”, O. Rettal, DFIU, November 2006
7. European Union BAT Reference document Largel@icstion Plants, 2006

8. Fact sheets emission abatement techniqued iin?009

9. Information provided by Albemarle

10. IPM Model — Revisions to Cost and PerformaiocéAPC Technologies; Mercury Control Cost

Development Methodology, Sargent & Lundy, Chicadaych 2011
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B. Primary iron and sted industry {annex-H categery-2)

2 729. This section deals with emissions from sintanfs, pellet plantglast furnaces, and steelworks
with a basic oxygen furnace (B with subsequent casting. In integrated steelwaikger plants and
steelworks dominate the overall emissions for mtsiospheric pollutants including heavy metals.
Emissions of Cd, Pb and Hg occur in associatioh gétrticutatesdust. The content of the heavy metals
of concern in the emitted dust depends on the csitipo of the raw materials and the types of atayi
metals-added-in-steel-makifimportant. The most relevant emission reduction measuresili@ed in
table 4—FabricfiltersFF should be used whenever possible; if conditionkenthis impossible,
electrostaticprecipitatdESPand/or high-efficiency scrubbers may be used.

28— Whenusing0.  The following techniques are considere®Aa3 -in-the:

(a) For sinter plants, BAT for dedusting of primary iren—and—steel
rdustrywaste gas is to reduce dust emissions from siti@nd waste gas by means of a
bag filter. For existing plants, if bag filters anet applicable, advanced ESP should be
used. BAT for primary emissions from sinter stranslsto prevent or reduce mercury
emissions by selecting raw material with low meycaontent or to treat waste gases in
combination with activated carbon or activated iligrcoke injection. A part of the waste
gas should be recirculated if applicable in orderdducethe total-waste gas as well as
some other pollutants (e g. NOx or PCDD/F) Plemie that waste qas recycling does not
affect thespecificem
emissions of heavy metals per ton of sinter. BAT gecondary emissions from sinter
strand discharge, sinter crushing, cooling, screem@nd conveyer transfer points is to
prevent dust emissions and/or to achieve an effi@gtraction of dust emissions by using a
combination othe followinglevels:techniques:

edopte——A40- 190 o/
_ Pelthpts 0 g/Mg

(i) Hooding and/or enclosure;

(ii) ESP or a bag filter;

The emissions level for mercury from sinter plasts 0.03-0.05 mg/Nrip

(b)  For pelletization plants, BAT is toreduce the dustententteemissions in
the waste gases from the raw materials pre-tredtrdgyning, grinding, wetting, mixing and
the balling; from the induration strand and frore tfellet handling and screening by using
one or a combination of the following techniques:

(i) ESP;
(i) Bag filter;
(i) Wet scrubber;

(c) __ For blast furnaces:

(i) BAT for casting house (tap holes, runners, ¢olp ladles charging points,
skimmers) is to prevent or reduce diffuse emissituys using the following
techniques:

a. Covering the runners;

14
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b. Optimizing the capture efficiency for diffuseust emissions and
fumes with subsequent off-gas cleaning by mearendélectrostatic precipitator or
bag filter;

C. Fume suppression using nitrogen while tappivitere applicable and

where no collecting and de-dusting system for taggimissions is installed;

(i) BAT is to minimize the release of blast fuoneagas during charging by using
one or a combination of the following techniques:

a. Belllessthan—20-mglm3,—wheret@p with primary and secondary

equalizing;
b. Gas or ventilation recovery system;

(iii) __ For blast furnace gas cleaning BAT is towed dust emissions by using one
or a combination of the following techniques:

a. Dry pre-dedusting devices (such as deflecthrst catchers, cyclones,
ESP);

b. Subsequent dust abatement (such as hurdlesypibers, venture
scrubbers, annular gap scrubbers, @lettrostatic precipitatargisintegrators);

(d)  For basic oxygen furnace (BOF) plants:

(i) BAT for BOF gas recovery by suppressed combasis to extract the BOF
gas during blowing as much as possible and to cledny using the following
techniques in combination:

a. Suppressed combustion process;

b. Pre-dedusting to remove coarse dust by meandryfseparation
techniques (e.q. deflector, cyclone) or wet sepasat

C. Dust abatement by means of:
i. Dry dedusting (e.g. ESP) for new and existiranps

. Wet dedusting (e.qg. wet electrostatic precipita or scrubber) for
existing plants;

(i) BAT for BOF gas recovery during oxygen blowinn the case of full
combustion is to reduce dust emissions by usingobtiee following techniques:

a. Dry dedusting (e.g ESP or bag filter) for reavd existing plants;

b. Wet dedusting (e.q. wet ESP or scrubber) f@tieg plants.

31. 3 BAT

for secondary dedusting is to minimize dust emissiby means of process integrated
techniques, such as general techniques to prevesunirol diffuse or fugitive emissions,
and by using appropriate enclosure and hoods wiitient extraction and a subsequent
off-gas cleaning by means of a bag filter or an B8Rny other technigue with the same
removal efficiency. This applies also for the enaiss from the following processes:

(a) Reladling of hot metal from the torpedo lafite hot metal mixer) to the
charging ladle;

(b) Hot metal pre-treatment (i.e. preheating ofsseds, desulphurization,
dephosphoristaion, deslagging, hot metal transfagsses and weighing);

(c) BOF-related processes like the preheatingesbels, slopping during oxygen
blowing, hot metal and scrap charging, tappingapfitl steel and slag from BOF;
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(d)  Secondary metallurgy and continuous casting.

For BOF plants the overadiverag)z—Hewe\M}e%e—a#e—many—appmanens—ef—fabr|c

dust collection eff|C|encv using BAT is WeII aonG%

16
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Table 4-
Emission sour ces, control measures, dust reduction efficiencies and costs for the
primary iron and steel- industry

Dust Abatement cos!
reduction
Emission efficiency ~ Dust emissiol
source Control measure(s) (%) levels (mg/Nm3)
Sinter plants Emission optimized sintering ca. 50 = .
lmy Bag filters > 99 1-15 3,000 — 16,000 €fa
EMISSIONS  gerybbers-and =90 =20 -40
ESHFAdvanced ESP (Moving
Electrode ESP, ESP pulse
system, high voltage ESP...)
Ha:
<0.03-0.05
mg/Nn?
Sinter plants FabriBagfilters =99 =< 10
secondary  ESp <30
emissions
Pellet plants ESP + lime reactor + fabric >99 - .
filters
Scrubbersor semi-dry > 95 =<10 ..
desulphurization and subsequent
de-dusting
Crushing, grinding, drying <20
Other process steps <10-15
Blast FF/1ESP > 99 <10 ESP: 0.24-4US$/
furnaces Mg pig-_iron
Blast
Wet scrubbers > 99 =<10 ..
furnace - =
gas cleaning Wet ESP >99 =<10 ..
Blast furnace Capture of diffuse emissions 1-15
from the casting bay/cast house
and subsequent dedusting by FF
or ESP
Diffuse emissions from casting
bay/cast house
BOF Primary dedusting: Dry ESP: 2.26
- dry ESP or FF >99 10-30 US$Mg steel
- wetseparatoHSRFF <50
(existing plants)
Secondary dedustiag(including > 97 FF: 0.26_ US$/Mg
hot metal treatment and steel
secondary metallurgy):
dry ESH <20
EE 1-10
Fugitive Closed conveyor belts, 8099 =

% Report of the Task Force on Heavy Metals on Assesss of BAT and limit values, June2006
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emissions enclosure, wetting stored
feedstock, cleaning of reads

30

32  Direct reduction andireetsmeltingreductionare under-developmentapaven
alternative iron making processes to the coke dlesi' furnace route thamay reduce the
need for sinter plants and blast furnaces in theréu The application of these technologies
depends on the ore characteristics and requiresetudting product to be processed in an
electric arc furnace, which should be equipped waifipropriate controlsAs the heavy
metals originate from the raw material, their emoisdevels are determined by the level of
emission control (not by choice of process steps).

C. Secondary iron and stedl industry {annexHcategory-3)

33.  The secondary production of iron and stdeltt—is very—important-to—capture
al-mainly based orthe use of Electric Arc Furnaces (EAF). BAT for EAF mpary and
secondary dedusting (including scrap preheatingrgihg, melting, tapping, ladle furnace
and secondary metallurgy) is to achieve an efficiemrtraction of dustemissions
efficienth—Thatis—possibfm all emission sourceby instaling—degheuses—or
movable-hoods—osing one of the techniques listed below and to sisesequent
dedustingoy means of a FF:

(a) A combination of direct off-gas extraction ambd systems;

(b) Direct gas extraction and doghouse systems;

(c) Direct gas extraction andtal building evacuation.

Ninety-eight per cent and more collection efficigraf primary and secondary emissions
from EAF are achievable and con5|dered as BAfie capturedammens—m&stf-gases

activated carbon |n|ect|oandsteel—mdﬁstr—)§mErMedustlngn y means of dabric

ﬁlte#snlter which reduces the dust content to Iess @&5 mquS—shaH—be—eenadeFed

can achleve emission Ievels for mercury of < 0.0@/Nm3. The specmc dust
emissieemissions(including fugitive—emissiediffuse emissionglirectly related to the
process)nvlﬂ—ne{—exeeed—meangeefbetweero 4.—&606 andO 35 kg/Mg stee4—'FheFe—aFe

34.  Mercury emissions can strongly vary from ckatg charge depending on scrap
composition/quality. Mercury emissions in the sectoe used—TFhe—speeifie—dust
emission-rexpected to decline due to progressive phasingbuatercury following the
full implementation of several directives and reigns in placesucheases-is-nermally
below-0-1-kg/Mgas the ‘End-of-Life Vehicles’ Directive, the ‘Wadi®m Electrical and
Electronic Equipment’ Directive as well as the ‘®aies’ Directive in the European Union.
For the melting of scrap, open-hearth furnacestlien use, but are about to be phased out
because of their inefficiency.

3335. The content of the heavy metals of concern i emltted dust depends on the
composition of the iron and steel scrap and thegypf alloying metals added #teel

18
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raking-steelmaking. Mercury emissions can strongly vargmfr charge to charge.
Measurements at EAF have shown that 95% of emitteccury and 25% of cadmium
emissions occur as vapeufFhe-mest-relevant-dust-emissionreduction-measare
outlined-intable-5, which makes them difficult to capture. Exceedanoé mercury
ELVs have been observed, indicating that mercugribg components still occur in scrap
sources; emissions factors for mercury of 170 hilid steel (LS) could be detectédt is
recommended as a best environmental practice tlem@nt operating practices to prevent
and minimize the presence of mercury and otheryhaeastals in the scrap, e.g. to remove
mercury-bearing components prior to recycling inggglary iron and steel facilities. The
most relevant dust emission reduction measuresutined in table 5. Dust abatement
techniques also provide for significant reducti@issmissions of heavy metals. Gaseous
lead and cadmium and its compounds as well as methat pass the dust filter can be
abated by carbon adsorption, e.g. leading to 9%Mced emissions of mercury.

36. In recent years a number of new furnace tyme&e been introduced, that might
show advantages with regard to heavy metals andednissions, like the Comelt EAF and
the Contiarc furnace.

Table 5-
Emission sour ces, control measures, dust reduction efficiencies and costs for the
secondary iron and steel industry

. Abatement
Emission Control  Dustr-eductionReductiorefficiency Emission levels costs (total
source measure(s) (%) (mg/Nm?3) costs US$)
EAF ESF >99
=A= == Dust<5 —FF:24/Mg
FF >09>0995 steet
Activated carbon
+ FF Hg: > 98% Hg: <0.05
Hronfoundaries(annexi-category-4)
34— D. lronand steel foundries
37. In the foundry process, emissions to air wipdically not be limited to one (or

several) fixed point(s). The process involves vasi@mission sources (e.g. from melting
and pouring processesi.is very important to capture all the emissiofficently.- That is
possible by installing doghouses or movable hoadbyototal building evacuationThe
captured emissions must be cleandd. iron foundries, cupola furnaces, electric arc
furnacesand induction furnaceshearth type furnaces and rotary furnaaes operated.
Direct particulate and gaseous heavy metal emissiogespeciathin particularassociated
with melting and sometimes, to a small extent, waitluring—Fugitive Diffuse emissions
arise from raw material handling, melting, pouriagd fettling: The most relevant
emission reduction measures are outlined in tableith their achievable reduction
efficiencies and costs, where availabl&hese—measurekhe BAT associated emission
level for dust, after collecting and dedusting exdtagases, for all types of furnaces (cupola,

“* Reported by a Norwegian member of the technicaking group on iron and steel of the European
Union, 2008.
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induction, and rotary furnace) and mouldings (lostuld and permanent mould) as well as
finishing operations is 5—20 mg/ms3.

38. The following techniques are considered as BAT

(&)  For cupola furnace melting, use divided blaperation for cold blast
cupolas, use oxygen enrichment of the blast ain wikygen levels between 22 and 25 %,
minimize the blast-off periods for hot blast cumlase coke with known properties and of
a controlled quality, and clean furnace off-gasigsi bag filter or wet scrubber;

(b) For induction furnace melting, increase fumafficiency, maximize off-gas
collection during the full working cycle, and useydlue-gas cleaning keeping dust
emissions below 0.2 kg/tonne molten iron;

(c) For rotary furnace melting, optimize furnaoperation and increase the
melting efficiency. To collect the off-gas closeth® furnace exit, apply post combustion,
cool it using a heat ex-changer and to apply ddudéng;

(d)  For electric arc furnaces a shortening of reivn times can be achieved by
a close control of the composition (e.g. total eontof phosphorus, sulphur and carbon),
temperature control and efficient methods of degltem The foamy slag practice reduces
the energy consumption and therefore the amouexlmust gases;

(e) For hearth type furnaces the use of oxyburneasm reducedust

concentrations-to-20-mgfprlessthe amount of energy necessary (e.g. gas or ail) fo

smelting of iron and therefore the total flow ohaxst gases;

(f) For moulding, enclose all the unit operatiamsl to dedust the exhaust gas, if

necessary post combustion;

(9) For finishing operations, BAT is to collectcatreat the finishing off-gas
using a dry system.

Table 6—
Emission sour ces, control measures, dust reduction efficiencies and costs for
iron foundries

Abatement
cocts
Dust reduction efficiency  JS$)}Emission
Emission sourc/furnace Control measure(s) (%) levels (mg/Nm3)
EAF B =9 -
Induction furnace FR24/Mg
FF/dry absorption + HEF > 995 <5
Cold blast cupola Below-the-door take-off: FF > 9998 =
BelewAbove the-door take-
off: FF + pre-dedusting > 9897 =
- Above-the-doortake- >9799 8-12{Mg-iron
: .
FF+pre-dedustingFF
+ chemisorption
Hot blast cupola FF +chemisorptionpre- _
dedusting > 99 AEMdstren
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Sesosmannt
costs

Dust reduction efficiency J-S$)Emission

Emission sourc/furnace Control measure(s) (%) levels (mg/Nm?3)
== B =0 =

dedustingDisintegrator/ive

nturi scrubber >9997 23Mg-ren

Electric Arc Furnace DBisirtegrater/ventart =<5
serubberesp > 9799 < 10 for existing
EFE >99.5 plants

Primary and secondary non-ferrous metal industry {annex-H,categories 5
oReE)

3639. Smelting processes to obtain non-ferrous meted known to be large sources of
heavy metals released to the atmosphere.

40.  This section deals with emissions and emissamirol of Gd—Plgadmium, leacind
Hgmercury in the primary and secondary production of nomefigs metals like lead,
copper, zincgold, silver,tin-and nickel-, manganese and aluminiuiDue to the large
number of different raw materials used and theowariprocesses applied, nearly all kinds
of heavy metals and heavy metal compounds miglenhitted from this secterGiven the
heavy metals of concern in thgsirexguidance documenthe production of copper, lead

zinc, goldandzinemanganese producti@re particularly relevant.

® Pirrone, n. et al, Atmos. Chem. Phys. 10, 595145¢8010); UNEP(DTIE)/Hg/INC.2/4, Study on
mercury sources and emissions and analysis ofats and effectiveness of control measures,
November 2010
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41.  Environmental issues for the production of trumn-ferrous metals from primary

raw_materials, e.g. ores and concentrates, inclbdeemission to air of dust containing
heavy metals and metals/metal compounds. Emissidndust and metals occur from
roasters, furnaces, reactors, and the transferoliemmetal. Environmental issues for the
production of non-ferrous metals from secondary na&ierials, e.q. scrap, residues etc., is
also related to the off-gases from the variousdoes and transfers that contain dust and
metals.

42. In the majority of cases process gases asnettin FF. Gas cleaning using wet
scrubbers and wet electrostatic precipitators E&®P) is particularly effective for process

gases that undergo sulphur recovery in a sulptaaid plant. In some cases where dust is
abrasive or difficult to filter, wet scrubbers alkso effective. The use of furnace sealing
and enclosed transfers and storage is importanpréventing diffuse emissions. The

significance of diffuse emissions in many processe&ry high and diffuse emissions can
be much greater than those that are captured asmédabin these cases it is possible to
reduce environmental impact by implementing thfeing measures:

(a) Process optimization and minimization of enoisi

(b) Sealed reactors and furnaces;

(c) Targeted fume collection;

(d) Use of (mobile) evacuated hood systems abowsgain, discharging or
tapping areas;

(e) Closed conveyor routes;
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(f) Unloading and storage of raw materials in ctbgeuildings (or sealed

packaging); and

(9) Sprinkling systems to avoid emissions fromigkhmovements.

43.  Where prerequisites are given dusts shoulgé®eeled internally or externally. BAT

for gas collection and abatement for the variousc@ss stages regarding to particulate

matter (PM) and heavy metals are summarized ifidll@ving table:

Table 7 (a)

PM emission control measuresfor different process stages

Emission-sourcerrocess Stage

Oyt v C-CHHooTot

Materials handling and storage

Correct storage, handling and transfer. Dust ctiiac
and fabric filter if necessary.

Grinding, drying Dust collection and fabric filter.
Roasting/sinteringintering/roasting, Ypdraught = g
smelting, converting = H.S6,

scrubbers-{priorto

devkloseninot

sulphuric-acid

Conventional-smelting-(blast
furnacereductiorglag treatment

il
gasegas collection
and fabric filter, heat
recovery,
combination of
ESP/wet ESP and/or
scrubbers.

topDust collection,

cooling and fabric
filter.

ool

Thermal refining

serpbhbing

Mentur - =
serubberGas

collection and fabric

filter, combination of

ESP/wet ESP and/or

scrubbers.
= 4iMg
Double bell-furnace to metal
sraduen
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Control efficiency  costsUS$)
Emission-sodeeprocess Stage easu-e{ShMeasures %)
Pressure-leaching Application-depends-on =09 sie-
leochingshomelonsics Sooce
Sconsoaiins
. I luction last lting, B B
processedetal powder production e-g—kiveet,
Outokumpu-and
Debenbien]
precessas
collection and fabric
filter.
Melting and casting Bath-smelting—e-g. Ausmelt: QSk—operatin
top-blown-rotary Pb77-GCicosts60/MgPDb
converter 97: OSL:

Ausmelt_lsasmelt, P92 Cy

QSL-andNoranda '
{5as %3

collection and fabric

filter.

44, In general, processes should be combined efidittive PM collecting devices and
abatement for both primary gases and diffuse eamssiThe BAT associated emission
levels for PM are < 1 — 5 mg/Nm3 using high perfante fabric filters or combinations of
ESP/wet ESP and scrubbers. In the United Statese Hire at least thirty control devices at
secondary lead smelters that are followed by seamyriiigh efficiency particulate air filter
(HEPA) filtration. Many of these thirty HEPA contied sources are used for controlling
building ventilation and process fugitive emissiomgt some control devices treating
furnace exhaust are currently controlled with seleopm HEPA filters. PM levels well
below 1 mg/ Nm3 can be achieved with the combimatib certain controls such as a FF
plus HEPA filter or FF plus wet ESP

45, In general emission reduction measures foambCd are limited to PM abatement
whilst emission reduction of Hg requires specifimitol measures. Table 7(b) below gives
examples of PM control costs and Hg reduction efficies.

The non-ferrous metals copper, zinc and lead aialynaroduced from sulphidic ores. For

technical and product quality reasons, the off-tysscally must go through a thorough

dedusting (< 3 mg/Nm?3) and could also require @olofiti mercury (Hg) removal before

being fed to an sulphur trioxide (§Ccontact plant, thereby also minimizing heavy rheta
emissions.

6 U.S. EPA 2010, 2012
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Table 7 (b)

Examples of PM control costs and Hg reduction efficiencies’

Specific activity

indicator Emission control  Hg red Annual cost$
Sector (SAI technology (%) (USD 2008/SAl)
Abate
mentin
vest-
ment
D_HSE costs
Emission Control efficicenc costs, 0&M Total
soukee racasarels) S04 US$) costs  costs
Primarylead
metric ton
primary lead Dry ESP 5 0.1 0.04 0.1
metric ton
primary lead FF 10 0.1 1.1 1.2
metric ton Activated carbon
primary lead injection +FF+FGD 90 2.5 1.3 3.8
Primaryzinc metric ton
primary zinc  Dry ESP 5 0.1 0.06 0.2
metric ton
primary zinc  FF 10 4.5 1.1 5.6
Primary copper metric ton
primary copper FF 5 1.8 1338 15.6
Lead Shott
srecuchon ety
furnace:
stetion
hoodsfor
tos-beles
EEtube
condenser,
oxy-fuel 45/M
burneFF g
metric ton state-of-the- Pb-25
primary copper art 10 999 7 29.5
Zins Leasodal
productiorseco smeltingnetr AL
ndary lead ic ton >95pry g
secondary leadESP ZR-5 0.1 0.06 0.2
metric ton
secondary leadFF 10 6.8 1.1 7.9
Secondary zinc metric ton
secondary zinc Dry ESP 5 0.1 0.06 0.2

" UNEP(DTIE)/Hg/INC.2/4, Study on mercury sources amissions and analysis of the costs and

effectiveness of control measures, November 2010
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Specific activity

indicator Emission control  Hg red Annual cost$
Sector (SAD) technology (%) (USD 2008/SAl)
Abate
mentin
vest-
ment
Dt costs
reduetien Lol
Emission Control efficicenc costs;, O&M  Total
SouFee FREASHFE(S) y+%>) US$) costs  costs
metric ton
secondary zinc FF 10 0.1 1.4 15
Secondary coppemetric ton
secondary
copper Dry ESP 5 109 159 26.8
metric ton
secondary
copper EFE 10 6.6 44.0 50.6

& The accuracy of cost estimates in the table tisiwi 50 per cent.

47. A typical combination of abatement techniques mmpry non-ferrous metals
production is the use of Dry (Hot) ESPwater scrubbe> Wet ESP> mercury removal
- Sulphuric acid plantin the case of an acid plant it is desirable toaeenthe mercury
before it enters the acid plant to minimize thesgmlty that mercury enters the final acid
product (normally the quality requirement for Hg dolphuric acid is < 0.1 ppm (mg/l)
which is equivalent to < 0.02 mg/Nrin the cleaned g&s Mercury can be treated during
both phases - the off-gas and the liquid phasel (@eint). Different processes are available.
The basic principle is the reaction of mercury vatreagent to form a product which can be
precipitated out of the gas or liquid.

48. Several technologies for removing mercury vapownfrthe gas stream are
available. The removal efficiency depends on thecjg conditions of the gas, e.g.
mercury concentration, but can be > 99%. Removaieficies for some techniques are
given in Table 7(c) below. The following technigue considered to be BAT:

(a) TheBoliden Norzink process’ is based on the oxidation of mercury vapour
by mercuric chloride to form mercurous chloridel¢oael) according to the reaction: HgCl
+ Hg --> HgCl,. A product acid containing less than 0.5 ppm mesraan be produced
from a gas containing 150 ppm mercury (99.7% rerhefficiency). The acid produced
typically contains 0.3-0.5 ppm of merctftyMercury can be reduced to 0.05 ppm by
adding on a polishing stage with selenium fifteThe process is also known as the Outotec
chloride scrubber process, the Outotec BN Procewbs the Odda chloride process.
Moderate investment costs and low operating cogisch are practically independent of
the mercury level?

8 Task Force on Heavy Metals post Ottawa backgralamtiment 2006
http://www.unece.org/fileadmin/DAM/env/Irtap/Taskiee/tthm/third%20meetingdocs/PostOttawa/B
ackground BAT-ELV_14.06.06.FINAL.doc

® http://www.sulphuric-acid.com/techmanual/GasClegficl _hg.htm

10 http://www.outotec.com/pages/Page 41301.aspi@eguage=EN
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(b) TheOutokumpu process’ is based on converting the elemental mercury in
the gas into a sulfate according to the reactian+H,SO, --> 1/2 Q + HgSQ, + H,0;

(c) TheBolkem process’ is based on mercury being reacted with sulphuid a
and treated with sodium thiosulphate to precipithéemercury as mercuric sulphide;

(d) Theselenium filter® is especially suited for low mercury concentrasion
the gas and consists of a porous inert materidtesbavith selenious acid which is then
dried to precipitate red amorphous selenium acogrtlh the reaction: $$eQ + H,O + 2
SQ, --> Se + 2 HSQO,. The filter will remove approximately 90% of thecoming mercury.
The investment cost is proportional to the gas ftate;

(e) Theselenium scrubber®, like the selenium filter, relies on the presente
amorphous elemental selenium to react with the eteah mercury in the gas. The
selenium scrubber is suitable for removing relatarge quantities of mercury in the gas
and has a removal efficiency of approximately 90%;

(f) Theactivated carbon filter® is well known for its adsorption properties. For
the adsorption of mercury, activated carbon camadly adsorb 10-12% of its own weight.
The operating temperature of the carbon filteingtéd to 50°C. The method is especially
suitable for low mercury concentrations in the gaf0% removal efficiency is normally
achievable;

(q) TheL urgi application* is a kind of activated carbon filter. Lurgi corisisf
mercury removal units (MRU) which uses wet ESP angacked bed absorber using
sulphur-impregnated coal to remove mercury fromdfiegas. The wet ESP removes dust
and tars before the mercury contaminated off-gdseated to 60-8& and is absorbed in
series of packed bed absorbers. In order to dathieogas flow through the unit, the MRU
is equipped with a system for pressure control. MIRU has a removal efficiency of 95%;

(h) TheTinfos Miltec process'? removes mercury from the off-gas by washing
it con-currently with seawater containing sodiunpdghlorite which oxidizes the mercury.
In addition, the wash water collects dust, and cedusulphur dioxide (SO2) emissions to
air. The wash water after gas cleaning containsntieecury as mercury salts, which is
added disodium sulfite (Na2S). This leads to thenfdion of mercury sulfate (HgS) and
other metal sulfite precipitate, which can be restbfrom the process using a press filter.
The Miltec process removes 95 % of the mercury ftoenoff-gas;

(i) The DOWA filter process (lead (II) sulfide covered pumice filteaptures
metallic, oxidized and particulate mercury.

) urgi GmbH, Eramet Porsgrunn

2 http://miltec-mercury.com, Eramet Kvinesdal




Table 7 ()

Mercury reduction efficienciesin gas phase for some technigues'®

Total mercury concentration (Hg-tot)

Reduction
Mercury removal techniques g/Nn? g/Nni efficiency %

Boliden Norzink Process

30000 Nnih High concentration 9879 30 99.7
Low concentration 51 13 74

Dowa filter

170000 Nnih High concentration 50 1.4 97
Low concentration 10.5 1.2 88

Selenium filter

80000 Nni/h High concentration 1008 48 95
Low concentration 42 12 71

Active carbon filter High concentration 1206 32 97

80000 Nnih Low concentration 37.2 2.7 93

49. For processes where mercury removal from Hseg is not practicable there are
techniques for mercury removal in the liquid phadeese techniques are primarily used to
improve the quality of the sulphuric acid. The éaling techniques to reduce the mercury
content in sulphuric acid produced during the pobidm of non-ferrous metals are
available:

(a) Molecular Recognition Technology® (MRT) consists of highly selective,
often non ion exchange systems using specificabighed ligands or macrocycles. These
ligands can be chemically bonded to solid suppsuith as silica gel or polymers or used
free in solution to complex with selected ions. Floéd phase system consists of the bound
ligand material, called SuperLig, packed into fix®stl columns or filter cartridge elements.
The MRT process can be used as the primary methowiury removal or it can be used
as a polishing stage where the plant has an existgrcury removal system;

(b) The Toho Process’ is based on the addition of potassium iodide and
precipitating mercury as mercuric iodide. The additof cuprous iodide in addition to
potassium iodide will form the more stable preecitCyHgl,. The precipitated mercury is
separated by filtration;

(c) _ Sulphide Precipitation®. Colloidal sulphur can be created in the acidti®y t
addition of sodium thiosulphate. The sulphur wéléct with the mercury to form crystalline
mercury sulphide (HgS).

50. In theprimary copper industry the S@rich primary off-gases from the roasting
and converting process are commonly treated in l& stage abatement plant upstream to

3 New Boliden, Rénnskérsverken (copper-lead-zinclteme
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the sulphuric acid plant. In order to produce éhhigality sulphuric acid heavy metals need
to be reduced (see paras. 46-47). Diffuse emissionsr during charging, discharging,
transport and storage processes and from the dnotce and anode casting process. To
avoid these emissions, a sufficient capturing ieesary (see para. 42). After capturing, the
loaded off-gas is commonly cleaned in fabric filsstems. If the fabric filter system is
well operated and maintained, dust emission comggons of < 1-5 mg/Nm3 are
achievable. For specific _heavy metals the followiegnission concentrations are
achievablé&

(a) Lead: 0.01 — 0.60 mg/Nm3;
(b)  Cadmium: 0.01 — 0.05 mg/Nm3;

(c) Mercury: < 0.01 mg/Nms.

51. In thesecondary copper industry heavy metals emissions occur during sneglt
converting and fire refining processes. As in thenpry copper industry, the capturing and
sufficient treatment of diffuse emissions is cru¢see para. 42). Captured emissions are
commonly treated in fabric filter systems. Additdly adsorbent injection, wet scrubbers
and/or thermal or regenerative afterburners arel iseeduce other pollutants (e.g. SO
TOC or PCDD/F). If the FF system is well operated and nadmed dust emission
concentrations of < 1-3 mg/Nm3 are achievable. $pmcific heavy metals the following
emission concentrations are achievible

(a) Lead: 0.01 — 0.50 mg/Nm3;
(b) Cadmium: 0.01 — 0.02 mg/Nm3;

(c) Mercury: < 0.03 mg/Nm3;

52. _In theprimary lead industry the S@rich primary off-gases from the ore oxidation
process are commonly treated in a multi stage aigte plant upstream to the sulphuric
acid plant. In order to produce a high quality suipc acid heavy metals need to be
reduced (see paras. 46—47). Diffuse emissions ahmimg charging, discharging, transport
and storage processes and from refining and captiogess. To avoid these emissions a
sufficient capturing is necessary (see para. 4@erAcapturing, the loaded off-gas is
commonly cleaned in fabric filter systems or inoadination of cyclones and fabric filters.
If the fabric filter system is well operated andintained, dust emission concentrations of
< 1-2 mg/Nm3 are achievable. For specific heavy atgetthe following emission
concentrations are achievalfte

(a) Lead: 0.01 — 0.90 mg/Nm3;
(b) Cadmium:  0.01 —0.02 mg/Nms;

(c) Mercury: < 0.01 mg/Nm3.

In thesecondary lead industry lead acid batteries, residues from bia$esind other

lead bearing materials are processed. Thereforeumeoccurs dependent on the scrapped
material. As in the primary lead industry, the caiolg and sufficient treatment of diffuse
emissions is crucial (see para. 42). After pretineait the raw materials are processed in a
range of different furnaces. Currently in Europ@tdRy, Blast Drum, and Reverbertaroy

4 UBA Germany 2012, emission values derived fromsuesments in different German plants
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are furnaces used for secondary lead productioptu@zd emissions are commonly treated
in fabric filter systems. By using this techniquitist emission concentrations of 0.5 — 2
mg/m?3 are achievable. For specific heavy metalddiewing emission concentrations are
achievabl&"

(a) Lead: < 0.5 mg/Nm3;
(b)  Cadmium: < 0.05 mg/Nm3;
() Mercury: 0.025 mg/NfF®

54. In theprimary zinc industry one has to distinguish between the pytatiegical
Imperial Smelting Process and the mainly hydronhaétgical process. Only the first
process step (roasting) of the hydrometallurgicatess creates considerably heavy metals
dust in the off-gas. The $S@ich off-gases from the roasting are commonly tedan a
multi stage abatement plant upstream to a sulptagig plant. In order to produce a high
quality sulphuric_acid, heavy metals need to beauced (see paras. 46-47). During the
leaching and leach purification steps scrubberscaremonly used to clean the occurring
off-gases. By using these techniques, dust emissiogentrations of 0.3 — 1 mg/Nm3 are
achievable. For specific _heavy metals the followiegnission concentrations are
achievabl&"

(@) lLead:<0.01 mg/Nm3;
(b) Cadmium:<0.01 mg/Nms,

(c) Mercury: mainly removed in wet process stapsasured after waste water
treatment plant: < 0.005 mag/l.

55. Cadmium is a by-product in the primary zincusiy. It is produced in a separate
four stage process:

(a) Smelting of cadmium briguettes from leach gie@ process;

(b) Dezincification with caustic soda;

(c) Vacuum distillation to separate cadmium fromestmetals like Cu, Ni, Pb;

(d) Condensation in_fine-cadmium furnace and ngstiThe off-gases from
furnaces are commonly captured and treated in gar@ed ESP. By using this technique,
dust emission concentrations of 0.3 — 1 mg/Nm3aatgevable. For specific heavy metals
the following emission concentrations are achies’dbl

(e) Lead:<0.01 mg/Nm3;
(f)  Cadmium: <0.01  mg/Nm3.

To avoid diffuse emissions sufficient capturing aregtment is necessary (see para. 42).

56. Secondary zinc can be produced from EAF-dust and other zinc hgamaterials.
These materials can be refined in rotary furnaéselz process) to separate the zinc from
other elements. In this process, heavy metals casutusty emissions which are mainly
captured and treated in multi stage fabric filtgstems. To reduce gaseous mercury
emissions it is common to inject an adsorbent (liaivated coke etc.) into the off-gas
stream before the last fabric filter step. By usitigese techniques, dust emission
concentrations of 0.5 — 5 mg/Nm3 are achievable.dpecific heavy metals the following
emission concentrations are achievible

15 Environment Agency Austria (UBA) 2003, emissiotueaderived from measurement in an
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(a) Lead: < 0.02 mg/Nm3;
(b) Cadmium: < 0.01 mg/Nm3;
(c)  Mercury: < 0.01 —0.05 mg/Nma.

To avoid diffuse emissions, a sufficient capturamgl treatment is necessary (see para. 42).

57. For large-scale gold production various alternative processes to amalgamation
have been developed. In cases where mercury lgvedgious ores are elevated (e.g. dome
gold mine ores) activated carbon adsorber beddearsed to capture most of the mercury
emissions from various processes (e.g kilns, refiffarnaces). By applying pollution
prevention measures, including mercury condensamrfion adsorption units (e.qg., single
fixed carbon beds, multiple beds or columns or mthesigns), mercurous chloride
scrubbers, venturi scrubbers, and chemical additiseémprove mercury capture, mercury
emissions from gold production have been reduceabloyit 97%.

58. Manganese production from ore with high content of mercury is a sigodfint
source of mercury emissions. Using activated cardmsorption of mercury in waste gas
from furnace can give reductions of 95%.

Cement industry

59. Cement kilns may use secondary fumtsl materials (waste co-processisggh as
waste oil or waste tyresWhe%e—wasteqsased—emls&eH—requemems—fetGNme
co-incinerationp @asf Waste in
cement kilns is treated Wlth|n the Waste |ncmmtcateqorv Mercurv emissions can be
reduced by controlling the amount of mercury in itigut of the kiln, reducing the off-gas
temperature to improve mercury precipitation durinst filtration or by abating mercury
through activated carbon injection as an adsortwettte flue-gas. Quality control of fuels
and content of mercury of raw materials should becked in order to reduce and limit
mercury emissions.

60. Mercury and its compounds are not completedgipitated and retained in the kiln
system and/or the pre-heater due to the high teatyress existent there and the mercury
high volatility. They are precipitated on the exsiagas route due to the cooling of the gas
and are paruallv adsorbed by the raw materlahdast dependlng on th&meunkuseéhn

OAARES may
apply—Hewever—tkns-seemFFFeﬁeFS—te%s&Phieéd—IQMemperature of the
exhausted gas. This portion is precipitated inkilreexhaust gas filter. Therefore, mercury
may only become enriched in the external cycle, rehitbe concentration level and the
emissions are mainly determined by the exhaustcgaditions. To prevent a long-cycle
increase in_mercury emissions, it may become necgs$s limit the concentration of the
external cycle, e.g. by continuously or intermittgmxtracting part of the dust collected in
the filter system. The dust from the dust collectan be recirculated back to the cement
mill. Furthermore, precipitation and hence, mercueymnoval increases with decreasing
exhaust gas temperature. Therefore, another plitssibi reduce mercury emissions is to
reduce the off-gas temperature after the conditpidwer to improve the precipitation of
mercury and its compounds during dust filtration

'8 U.S. EPA; National Emission Standards for Hazasdbin Pollutants: Gold Mine Ore Processing

(EPA-HQ-OAR_2010-0239; FRL-9242-3)
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48— ParticulatesaBe. Dust isemitted at all stages of the cement productiorcess,
consisting of material handling, raw material prapan (crushers, dryers), clinker
production and cement preparatielleavy—metals-are-brought-into-the-cement kiln
with-the raw-materialsfossil-and-waste-fudiscury is predominantly introduced into
the kiln with raw-materials with generally a mirmmount coming from the fuels. There is
a constant increase in the use of waste fuels enctimker production, which can be a
source of heavy metals. It is generally the rawemaltinput and not the process type which
has the greater effect on heavy metal emissions

4962. For clinker production the following kiln typese availablelorg-wet+rotary-kin,
long-dry-rotary-kilnyrotary kiln with cyclonepreheatagre-heater and precalciner, rotary
kiln with cyclone pre-heaterotary kiln with gratepreheatepre-heater, long wet rotary
kiln, long dry rotary kiln angshaft furnace—hﬁl—ter-ms—etc The selected process has a major

impact on theenergydem
eyetene—pteheate#s—ate—pte#embkeand air emissions from the manufacture of cémen
clinker. For new plants and major upgrades the éeailable technique for the production
of cement clinker is considered to be a dry prodélsswith multi-stage preheating and

precalcination

5063. For heat recovery purposes, rotary kiln off-gasge conducted through the
preheating system and the mill dryers (where itedal before being dedustedThe
collected dust is returned to the feed materiakcess heat from the kiln off-gases as well
as from the clinker cooler can be used for eleityrigieneration (cogeneration) or
externally, e.qg. for district heating

5164. Less than 0.5% of lead and cadmium entering kilve is released in exhaust

gases.The high alkali content and the scrubbing actiothi kiln favour metal retention in
the clinker or kiln dust.

5265. The emissions of heavy metals into the air @nelduced by, for instance, taking off
a bleed stream and stockpiling the collected duostead of returning it to the raw
feed- However, in each case these considerations shbeldweighed against the

consequences of releasmg the heavy metals mtwalse stockpﬂe—Anether—pes&b#ﬁy

If the exhaust gas of the klln is flltered bv ESEslmportant measure m havea very
well controlled steady operation of the kiln in erdo avoid emergency shut-offs of the

electrostatic—precipiatorESPs. These may be caused by excessive CO
concentrations It is important to avoid high peaks of heavy metaissions in the event of
such an emergency shut-ofAT for the manufacturing of cement with regarddigst and
heavy metals emissions the combination of the Wfolig generaprimary measures

(a) A smooth and stable kiln process. Thereforedoy out monitoring and
measurement of process parameters and emissiansegular basis is important;

(b) Careful selection and control of substancerém the kiln; if available
selection of raw materials and fuels with low comgeof sulphur, nitrogen, chlorine, metals
(especially mercury) and volatile organic compousigsuld be preferred;

(c) Use of a quality assurance system to contmlctharacteristics of wastes to
be used as raw material and/ or fuel for constamatity and other physical and chemical
criteria. Relevant parameters for any waste todssl s raw material and/or fuel should be
controlled;
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(d) Use of effective dust removal measures/ teakesdike fabric filters (with
multiple compartments and ‘burst bag detectors’ESP (with fast measuring and control
equipment to minimize the number of carbon monoxiiges);

To minimize/ reduce dust emissions fratiffuse source$ the following measures and
techniques can be used:

(e) Minimization/prevention of dust emissions frdiffuse sources;

(f) Measure techniques for dusty operations;

(g)  Bulk storage area measures/ techniques.

6653-The most relevant emission reduction measuresutimed in table 8.To reduce
direct dust emissions from crushers, mills, ancedsyfabricfilters FF are mainly used,
whereas kiln and clinker cooler waste gases aretralled by electrostatic
preecipitators—With-ESP—eESP or FF. Dust emissions from kiln firing processe
cooling and milling processesan be reduced to concentratlolaelew—ErO: 10 — 20
mgha’—W ¢

mean value, 10 voI%;(D from other processes to concentratloriikmgm3 Nm3,

Table 8

Emission sour ces, control measur es, reduction efficiencies and costs
for the

cement industry

Abatement-costs
Reduction efficienc Reported emissior
Emission sourc Control measure(s) (%) (mg/Nm?3)
Direct emissions from FFPrimary Cd., Pb: —Dust: <10 -20

crushers—mills; measures plus FF> 95
dryerskiln firing, cooling  or ESP
and milling processes

Direct emissions from ESP-Primary CdPb->=95 _Dust< 10

rotary-kilns;-clinker measures plus FF
coolersdusty operation§  or ESP

Direct emissions from rotarycarborctivated Hg: > 95 ——Hg: 0.001 — 0.003
kilns carbon
adsorption
Glassindustry-(annext-categery-8)
54

67. A way to minimize mercury emissions is to lowlee exhaust temperature. When
high concentrations of volatile metals (especiatigrcury) occur, adsorption on activated
carbon is an option; an increased efficiency of ESHd be shown when using additionally
halogenides (especially bromides).

7 Detailed description of measures for diffuse sesiia chapters 1.4.4.1 and 1.4.4.3 of the Best
available techniques reference document (BREFZ&mnent, Lime and Magnesium Oxide
Manufacturing Industries http://eippcb.jrc.ec.ewr@u/reference/BREF/clm_bref 0510.pdf

8 Dusty operations: e.qg. crushing of raw materiahveyers and elevators, storage of fuels and raw
material
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G.

Glassindustry

68. In the glass industry, lead emissions are pddity relevant given the various types
of glass in which lead is introduced as raw matefiag—erystal-glass,—eathode-ray
tubes).. Lead is used in fluxes and colouring agents @nftit industry, in some special
glasses (e.g. coloured glasses, cathode ray tURE)(fdnnels) and domestic glass products
(lead crystal glassedn the case of soda-lime container glass, leadgions depend on the
quality of the recycled glass used in the proedssgternal cullet is an important source of
metal contamination particularly for leadhe lead content in dusts from crystal glass
melting is usually about 260%- - 80%.

5569. Dust emissions stem mainly from batch mixingnaces, diffuse leakages from
furnace openings, and finishing and blasting o$glproducts.They depend notably on the
type of fuel used, the furnace type and the typglass produced Oxy-fuel burners can
reduce waste gas volume and flue dust productior6@¥- The lead emissions from
electrical heating are considerably lower than failfgas-firing_In general and where it is
economically viable, predominantly electrical medtiis considered BAT for lead crystal,
crystal glass and opal glass production, since téédinique allows efficient control of
potential emissions of volatile elements. Wherestalyglass is produced with a less volatile
formulation, other techniques may be considerednwdetermining BAT for a particular
installation

5670. The batch is melted in continuous tanks day tankser—crucibles. During the
melting cycle using discontinuous furnaces, thet dumission varies greatlyThe dust
emissions from crystal glass tanks¥<kg/Mg melted glass) are higher than from other
tanks (<1- kg/Mg melted soda and potash glag.T for lead from the melting furnace in
the domestic glass sector when used for manufagtugad crystal glass is <0.5 — 1
mg/Nm3 (< 0.001 — 0.003 kg/t melted glass).

5771. Some measures to reduce direct metal-contathisgemissions argeleting

(a) Pelletinghe glass batgkehanrgiig

(b) Changingthe heating system from oil/gas-firing to electticheating
chorging

(c)  Charginga larger share of glass retufosllet) in the batchand-apphying

(d)  Applying a better selection of raw materials (size distidn) and recycled
glass (av0|d|ng lead- contalnmg fracnonsExh&us{—gases—e&n—be—eleaned—m—fabrlc

58In general, BAT for controlling dust emissions fréamnaces in the glass industry is the
use of either an ESP or FF system, operating wéugpeopriate, in conjunction with a dry
or semi-dry acid gas scrubbing system. The BAT simislevel for dust associated with
these techniques is generally < 10 — 20 mg/Nm3stome glass types such as domestic
glass or special glass generally < 10 — 20 mg/Nmé 1 - 10 mg/Nm3 , when significant
amounts of dangerous substances are applied whinkrally equates to less than 0.1
kg/tonne of glass melted. In some cases, the atiglic of BAT for metals emissions may
result in lower emission levels for dust. The emisdevel associated with BAT for the
sum of the concentrations of heavy metals includéag (As, Co, Ni, Cd, Se, Cr, Sb, Pb,
Cu, Mn, V, Sn) is generally < 1 - 5 mg/Nm3. Secanddust abatement represents BAT for
most glass furnaces, unless equivalent emissiom$eaachieved with primary measures.
The corresponding emission reduction efficienciesgiven in table 9.
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72,  The development of crystal glass without leadnpounds is in progressthe
Plasma Melter makes use of the electrical conditiztof molten glass and operates with
negligible dust emissions. It is however not exgddb be a viable technigue for melting
within the foreseeable future.

73. For potentially dusty downstream activities BAs considered to be dust
minimization, e.g. by cutting, grinding or polishirunder liquid or by extraction of off
gases to a bag filter system. The emission levethfese activities is <1 — 10mg/ Nm3 (up
to 20 mg/ Nm3 for flat glass and up to 50 mg/ Nm#yofor mineral wool downstream

processes).

Table 9-
Emission sour ces, control measures, dust reduction efficiencies and costsfor the
glassindustry

Alatement
Emission sourc Control measure(s) Dust reductior efficiency (%) GGS—S)
Direct emissions FF > -
98-99
- ESP > %: o
95

.__Chlor-alkali industry {annexH-categery-9)

5974. In the chlor-alkali industryghlorine gas Cly;), alkali hydroxides and hydrogen are
produced through electrolysis of a salt soluti@ommonly used in existing plants are the
mercury processid the diaphragm procesboth-ef-whichand the membrane process.
All these processeseed the introduction of good practicesateoicteduceenvironmental
problems. The membrane—process—results—in—no—direct—mercury
emissions—Mereover—it-shows-a-lower-electrolgtitected process technology has a
major _impact on theenergy use and higher—heat—demand-—fegmissions from the
manufacture of chloalkali—-hydroxide—concentration—{the—globalenergy—balance
resulting-in-a-shghtadvantage f@AT for the production of chlor-alkali is consigel

to bemembranegechnology. Non-asbestos diaphragm technology tsembee considered as
BAT. The use of mercurgell technologwww@w%

in Europeand a !
p%ﬁe#eel—eetien—fer—ne%orth Amenca over the past few decades as mamn su
plants-_have shut down or been converted to non-mercuwggsses. Moreover, European
and North American producers are committed to neildimg any new mercury-cell
facilities. The last chlor-alkali mercury cell ptam Canada closed in 2008. European
requlations do not allow the construction of thizgglities.

75.  Mercury releases from chlor-alkali operati@as be entirely eliminated only by
converting to a non-mercury process such as thebrsm cell process. Conversion to
membrane cell technology is considered as BB&cision 90/3 of 14 June 1990 of the
Commission for the Prevention of Marine Pollutiearh Land-based Sources (PARCOM)
recommends that existing mercury cell chlor-alddints should be phased out as soon as
practicable with the objective of phasing them coinpletely by 2010The Decision 90/3
was reviewed in 1999-2001 without any changes. Agnoountries of the Oslo and Paris
Conventions for the protection of the marine enwinent of the North-East Atlantic
(OSPARCOM) and in the European Union there has beasiderable discussion about the
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possible impacts the re-marketing of the mercumymfrdecommissioned chlor-alkali
facilities will have on the global mercury markét. 1999 all West European chlor-alkali
producergresented the authorities with a voluntary committrie shut down their chlor-
alkali plants by 2020 latest. Another clause of BE&RCOM Decision 90/3 commits them
not to sell or transfer mercury cells after plahtitlown to any third party for re-use. In
February 2009, the Governing Council of UNEP agreedhe need to develop a global
legally binding instrument on mercury and starteshjatiations of a global mercury
convention. Key elements of these negotiations fareexample, reducing the supply of
mercury onto the market, reducing mercury demamdfoducts and processes, reducing
atmospheric_emissions of mercury, addressing mgrcontaining waste and remediation
of contaminated sites. The negotiations shall histiied by 2013.

6076. The specific investment for replacing mercurylscby the membrane process is
reported to be in the region of US$ 700-1000/Mg @@pacity- Although additional costs
may result from, inter alia, higher utility costsdabrine purification cost, the operating cost
will in most cases decreas@&his is due to savings mainly from lower energpsumption,
and lower waste-water treatment and waste-dispasas.

61-77. The sources of mercury emissions into the enviemtmn the mercury

process are: cell room ventilatioprocess—exhausts—products,—particulaehd box
ventilation air and by-produdtydrogen-and-waste-water With regard to emissions into

air, Hg diffusely emitted from the cells to the Iceloom ards particularly
relevant. Preventive measures and control are of great itapoe and should be prioritized
according to the relative importance of each soatce particular installationln any case
specific control measures are required when merurgcovered from sludges resulting
from the process.

63-78. During the remaining life of mercury cell planall possible measures should
be taken to protect the environment as a wholdudiieg minimizing mercury losses to air

by:

(a) Use of equipment and materials and, when plessiblay-out of the plant
that minimizes losses of mercury due to evaporadimiior spillage;

(b) Good housekeeping practices and good maintenantines;

(c) Collection and treatment of mercury-containg@s streams from all possible
sources, including hydrogen gas. Typical devicesdmoval of mercury air emissions are
shown in table 10 (a);

(d) Reduction of mercury levels in caustic soda;

(e) Minimizing current and future mercury emissidnem handling, storage,
treatment and disposal of mercury-contaminatedesast

(f) Decommissioning carried out in a way that pregeenvironmental impact
during and after the shutdown process as well fagigsarding human health.
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Table 10 (a)

Control measures, reduction efficiencies and costsfor chlor alkali plants emissions

Reduction efficiency
Emission sourc Control measure %

Chlor-alkali production Gas stream cooling to remove mercury from

hydrogen stream;
mist eliminators;

scrubbers;

adsorption on activated carbon and molecular
sieves. >9

o

79. These measures can cut mercury emissions to vatedisbelow 2.0 g/Mg of

Cly productlon capacny, expressed as an annual a&e@be#e—am—exaﬁmles—ef—piants

Fequrred—t&meet—&he—levall plants comDIv with the ||m|t valuef 2 gef—Hg/Mg CI&
air emissions in PARCOM Decision 90/3, and it isaglthat in many plants, air emissions

continue to fall. However, for reported emissionside ranqe in actual values from 0 14 to
1.57 gHg/Mg ef—Clz 99

y . eds shown The best
performmq mercury cell plants are achlevmq tcmﬂrcurv losses to air, water and with
products in the range of 0.2 — 0.5 g Hy/Mg &% a yearly average, and with regard to air
emissions 0.21 — 0.32 g Hg/Mg,Chs shown in table 10 (bince emissions depend to a
large extent on good operating practices, the geershould depend on and include
maintenance periods of one year or less.

Table 10 (b)
Mercury lossesto air from best performing mercury cell plants
g Hg/Mg C,*
Cell room 0.2-0.3
Process exhausts, including Hg distillation unit 0.0003 -0.01
Untreated cooling air from Hg distillation unit 0.006 — 0.1
Hydrogen gas <0.003

Municipal, medical and hazar dous waste inciner ation {annexHs
cotegeriesio

80. There are wastes that are neither classifiddzardous, municipal or medical wastes, dependin
on national legislation (e.g. non-hazardous indaistvastes, sludge etc.), that may be incinerasededl
as co-incinerated in other industries, therefortemially constituting a relevant source of heavstah
emissions. Furthermore, there are other thermalenssatment methods (e.g. pyrolysis) that may be a
relevant source of heavy metal emissions. For B#oTdifferentiation is made between municipal,
hazardousindi1)

64——medical waste in terms of applied techniques oreaelible emission limits, as all types of waste

are often incinerated in the same installatmissions of cadmium, lead and mercury result ftioen
incineration of municipal, medical and hazardousteaMercury, a substantial part of cadmium and

19 Total grams of mercury per megagramme of chlopimeluction.
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minor parts of lead are volatilized in the proceBarticular actions should be taken both beforeadiet
incineration to reduce these emissions.

65— Thebest-available-techneleguly relevant primary techniques for preventing €signs of

mercury into the air before incinerating are ththed prevent or control, if possible, the inclus@in
mercury in waste. In some countries mercury-coimgicomponents are separated out of the solid waste
stream and managed or recycled properly. Removiergumy from the waste stream before it enters the
incinerator is much more cost-effective than captumercury later from flue gases using emissions
control devices. Lower emissions of mercury fronnimipal waste combustors and medical waste
incinerators can be achieved through product sulistin. Although this is potentially applicabledo

wide range of components, batteries have recehedteatest attention because of their significant
contribution to total mercury content in municipaid medical wastes. The applicability of the praduc
substitution to other areas should be based omigadrand economic feasibility.

81. The BATfor dedustingand reducing heavy metals emissigssconsidered to be
fabric—filters-FFs in combination with dry or wet methods for contimg volatiles.
ElectrostaticprecipitatoESPsin combination with wet systems can also be desigo
reach low dust emissions, but they offer fewer oppities thanfabric—filtersFFs
especially with pre-coating for adsorption of vétapollutants Between 30 % and 60 % of
mercury is retained by high efficiency ESPs or BRd flue gas desulphurization (FGD)
systems capture further 10 to 20%. When using gsfesn, the additional injection of
activated carbon (impregnated with sorbents liképlrsur, bromine or others), sodium
hydrogen carbonate or calcium hydroxide upstreara fafbric filter or use of lignite coke
or zeolite can reduce the mercury emissions by e 90%. When using a wet scrubber
system with ESP or FF, to improve the mercury reshofferent chemicals can be added
to the wet scrubber solution, e.g. hydrogen pegxidiuid chelating reagents with copper
or manganese salts or sodium hypochlorite (NaCIO).

66-82. When BAT is used for cleaning the flue gases, dbacentration of dust
willcanbe reduced te-range-of 10-to-20-mglin-practicd — 5 mg/m3. In general, the
use of fabnc filters gives thtower eoncentrations—are—reached—and-in—seme-cases
lgvels within these emission
ranges. Effective maintenance of dust control systés very important. Controlling dust
levels generally reduces metal emissions Tawe concentration of mercury can be reduced
to a range of @5-t€001 —010-02 mgkn’{m? (daily averagenormalized to 11% §).
Adsorption using carbon based reagents is generatjyired to achieve these emission
levels with many wastes. Some waste streams hayehighly variable Hg concentrations
and waste pre-treatment may be required in sugsdasprevent peak overloading of FGT

system capacity.

67-83. The most relevant secondary emission reductionsorea are outlined in
table- 10- It is difficult to provide generally valid data ¢@use the relative costs in
US$/tonne depend on a particularly wide range w&-specific variables, such as waste
composition.

38
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84. If re-burn of flue gas treatment residuespiglied, then suitable measures should be
taken to avoid the re-circulation and accumulatibkig in the installation.

85. Metallic mercury can be adsorbed (usually adua®5% removal efficiency) to
result in _emissions to air of below 30 pg/Nm3 if awmtivated carbon injection in
combination with a de-dusting device is used. Ilamiercury is also removed by chemi-
adsorption due to the sulphur content in the flaseg or from sulphur impregnated carbon
in some types of activated carbon. There is a figmit fire risk when using activated
carbon. The adsorbent may be mixed with other m#age reduce the fire risk. 90% lime
and 10% carbon is used in some cases. The propatiocarbon is generally higher where
there are additional process stages that perfoith gas removal (e.q. wet scrubbers) In
some systems where removal of mercury is carrigdrowet acid scrubbers (pH < 1) to
reduce the inlet concentration, final emission Iewelow 1 pg/Nmare seen.

86.  Selective catalytic reduction (SCR) for contddl nitrogen oxides also reduces
mercury emissions as a co-benefit by changingdt &form that can be collected by FF or
precipitated by wet scrubbers.

87. Most Parties require discontinuous monitorifigmercury emissions only, while
some consider continuous monitoring as BAT; provswystems for continuous
measurements of mercury emissions are availablBeomarket.

88. For the co-incineration of waste and recovduedl in cement kilns, in general, the
BAT for cement kilns apply.

89. For the co-incineration of waste and recovédted in combustion installations, in
general, the BAT for combustion installations apply

90. The PECK process is a promising technique néligible heavy metals emissions
in the flue gas. It has been developed for municimid waste treatment but could in
principle be applied to other wastes. Other optittneeduce heavy metals emissions may
be the heavy metal evaporation process and theohyétallurgical treatment plus
vitrification.

91. If the first stage of a high efficiency scrubekept at a pH of below 1, the removal
efficiency of ionic Hg as Hl,, which is generally the main compound of mercuigra
waste combustion, is over 95%. Metallic mercuryospison can be improved by addition
of sulphur compounds to the scrubber liguor or #akiliof activated carbon to the scrubber
liguor or addition of oxidants, e.q. hydrogen pédexto scrubber liquor. The overall Hg
removal (both metallic and ionic) efficiency is amal 85%. Achieved levels just with a wet
scrubbing system are approximately 36 pg/Nwith a wet scrubber and an activated coke
filter < 2 ug/Nni and with a combination of the flow injection preseand a wet scrubber 4

pa/Nnt.

Table 11

Control measures, dust reduction efficiencies and costsfor municipal, medical and
hazardous waste inciner ation for stack gases

Emission Reductior Abatement cos!
souree efficiency (total costs US$)
Control measure(s) (%)

Staek  High-efficiency Pd, Cd: > 98:
gases  scrubbers Hg: ca. 50

ESP (3 fieldswith  Pb, Cd: 80-— 10-20/Mg waste
activated carbon or 90
equivalent adsorptive
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—

Reductior Abatement cos!
souree efficiency (total costs US$)
Control measure(s) (%)
reagent
Wet ESP (1 field) Pb, Cd: 95— 1,600 — 4,000 per pound Hg

with additives, in 99 removed

combination with Hg: > 90

activated carbon (1pg/Nm3)

injection, or

activated carbon or

coke filters

Fabric filters Pb, Cd: 95—  15-30/Mg waste
99

ActivatedCarbon Hg: >8550 — “Ca:

injection + FFor 95 wasteQperating costs: ca. 2 —

ESP 3/Mg waste; MWCs 211 — 870;
<1 ug/Nm3) Medical Waste Incinerators,

2,000 — 4000 per pound Hg
removed. Operating cost (carbon
cost): EUR 125000/a for a
facility treating 65.000 tons of
hazardous wasté

operatingOperatingcosts: ca.

50/Mg waste513 — 1,083 per
pound Hg removed

Carbon bed filtration Hg: > 99

Selenium filters

(inlet mercury

concentrations of up
to 9 mg/m3)

W aste containing metallic mercury and certain mercury compounds

and mixtures

[92. In global artisanal and small-scale gold minyearly more than 1000 tonnes of
mercury are used of which over 500 tonnes are ethtti air. This is two times more than
the total emission to air in 2008 from the Europ®tonitoring and Evaluation Programme
(EMEP) territory. Although these emissions takecplin developing countries, emissions
undergo long-range transboundary transport and dffast health and environment in the
United Nations Economic Commission for Europe (E@Hitory. In this context export of
mercury from Europe is very relevant.

[93. Europe alone exported in 2008 1300 tonnes @fcany a year, while worldwide
trade amounted to 2200 tonnes. Mercury in use andtack is much bigger than the
mercury traded globally. In the 27 European Uniountries, Norway and Switzerland
34,000 tonnes of mercury were in stock. Most o ikilinked to the chlor-alkali industry
where industry will abandon the mercury electraygiocess. It is estimated that in 2008

20 BREF Waste Incineration, chapter 4.4.6.2 (2008} teippch.jrc.es/reference/wi.html
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mercury waste from chlor-alkali plants was betwé&@nand 20 t/year (with an average of

181)2"

[94. UNEP advises countries to ban the export afcorg and to dispose of mercury
containing waste in an environmental sound manikera result the supply will go down
and the prices will be likely to go up. The priden@ercury on the global market is currently
slowly decreasing and lies in the range of 4-20 Ws$ kilogramme. Norway and the
European Union have in 2011 instituted a generahipition on export, sale and use of
mercury and mercury compounds. They also have aégos on the safe disposal of
mercury waste. The U.S. has banned the exporteohahtal mercury from 2013 onwards
and has created an obligation for the administnattioprovide for a facility for safe storage
by 2013. The disposal costs have been calculated aiS$ per kilogrammi.

[95. The following should be considered as waste smoluld be disposed of in an
environmentally sound manner, taking into accowéwant sub-regional, regional and
global regimes governing the management of hazardeastes and their disposal, in
particular the Basel Convention on the Control iinEboundary Movements of Hazardous
Wastes and their Disposal:

(a) Metallic mercury that is no longer used in théor-alkali industry;

(b) Metallic mercury resulting from the cleaningraftural gas;

(c) Metallic mercury and mercury compounds resgltfnrom the cleaning of
exhaust gasses of stationary sources;

(d) Metallic mercury resulting from non-ferrous rimg and smelting operations;

(e) Metallic mercury extracted from cinnabar oned a

(f) Obsolete mercury-containing produgts.

[96. The disposal of mercury-containing waste amel transboundary movement of
waste should be carried out in an environmentallyngl manner, taking into consideration
applicable sub-regional, regional and global regimgoverning the transboundary
movement and the management of hazardous wastetheindlisposal, in particular the
Basel Convention and its Technical Guidelines fdre tEnvironmentally Sound
Management of Wastes Consisting of Elemental Mgrcamd Wastes Containing or
Contaminated with Mercurjy.

2! Pirone, N. et al; Global mercury emissions toatraosphere from antropogenic and natural

sources; Atmos.Chem.Phys.,10, 5951-5964




